METHODS

Experiments
were performed on 23 healthy, adult cats each weighing over 2 kg. Under ether anesthesia the carotid arteries were ligated and the trachea cannulated.
Sixteen cats were "spinalized" with a special transection at the obex leaving only the PT intact. Following Lloyd's method (lo), this section was accomplished with a blade shaped to sever all fiber tracts except the ventrally lying PT. After being "guillotined" with this blade, the cats were artificially ventilated. Nervous centers rostra1 to the cut were anemically destroyed by occluding the vertebral arteries for at least 10 min, in addition to the previous ligation of the carotid arteries. Seven cats were decerebrated as described by Wall (33), rather than guillotined. Ripolar stimulating electrodes were placed in the I?T 6-10 mm rostra1 to the obex, via a dorsal approach.
The PT-evoked flexion response proved to be an excellent guide in placing the electrodes: when low-intensity stimulation (less than 0.18 ma or 2 v) evoked flexion of only the contralateral limbs, the electrodes were invariably placed in the appropriate half of the PT, as verified by subsequen t histologic sections. Standard PT stimulus parameters were 50-msec trains of 0. Fig. 2 , the sources of the PTevoked field potentials were found in lamina 6, while the sources of the peripherally evoked field potentials appeared throughout laminae 2-5 (see Fig. 2 ). Although the exact shapes and widths of the distributions varied from one cat to the next, the sources of the PT-evoked field potentials invariably appeared in the ventral portion of the dorsal horn (laminae 5-7), while skin stimulation produced the greatest source density in more dorsal regions (ranging from laminae 2 to 5). again arrows indicate the depth at which each set of three superimposed traces was recorded. The PT source density was greatest in lamina 6 and the ventral part of lamina 5, as shown by the distribution labeled PT (enclosing stippled area). The scale of the PT source density distribution was expanded 10 times relative to the cut. curve. (Fig. 6) . Electric shocks applied to skin evoked a burst of activity in that cells could be reduced by a preceding PT train (Fig. 4) . The time course of inhibition could be determined by giving a peripheral test shock at different intervals after the conditioning PT train. Figure  5 illustrates the typical time course of inhibition produced by a 50-msec PT train and also shows the time course of the DRP.
Both were maximum at 50-60 msec after the first PT shock, but the reduction of cell responses preceded and outlasted the appearance of the negative DRP. exhibited a brief period of activity followed by a longer period of inhibition.
A comparison of this cell's spontaneous activity (s.a.) with its response to PT stimulation (PT) shows an initial response of one to two spikes appearing lo-20 msec after the start of PT stimulation (PTs), followed by a period of inactivity. This figure also illustrates the inhibition of responses to an electric shock to the skin. In the group of dots labeled es., the first regularly appearing dot (ca. 60 msec after the start of PT stimulation) represents the peripheral shock; the succeeding dots represent the cell's response. When the shock was preceded by a PT train (e.s.+PT) the evoked responses were considerably reduced. This figure illustrates the standard conditioning-testing sequence used to test for PT inhibition of peripherally evoked responses; however, the intensity of the peripheral shock was usually adjusted to evoke only three to six spikes. The activity shown here was recorded from an axon in the DLC; the unit had a small cutaneous receptive field t.ypical of layer 4 cells.
FIG. 5. Time course of PT inhibition
of a peripherally evoked response in layer 4 and 5 cells. A shock to the skin was given at various times after the start of a 50-msec PT train, and the average reduction of responses by the PT is plotted in the lower graph. For each point the test shock was given 10 times alone (to determine "control" response), and 10 times with a preceding PT train. The PT stimulation reduced the response to the "percent of control" shown at each latency. In this series the mean number of responses for a single control shock was 4.0 spikes. The vertical line near the beginning of the time axis gives the standard deviation of the means for the control groups. The upper graph gives the time course of the dorsal root potential evoked by a 50-msec PT train. A comparison of the DRP with inhibition shows that the inhibition preceded and outlasted the appearance of the negative DRP by a small duration.
Mendell
(17) has shown that over half the cells sending axons up the DLC receive excitation from afferent C fibers as well as A fibers. To test for PT effects on these two inputs, we recorded from axons in the DLC and stimulated the sural nerve electrically. Afferent volleys limited to the large A fibers evoked an early burst of high-frequency firing lasting between 4 and 30 msec, followed by a silent period; if the small C fibers were also stimulated additional late bursts of firing from 100 to 600 msec were also produced (17, 19). We observed that the PT could inhibit the responses to both A-and C-fiber volleys. Weak, continuous PT stimulation reduced both responses, but after several seconds the PT stimulation became less effective; the resumption of C responses during sustained PT stimulation followed the "windup" pattern described by Mendell and Wall (19).
Layer 5 cells
The layer 5 cells responded to skin stimulation of the ipsilateral limb, but over wider receptive fields than layer 4 cells. These fields usually included several toes or large areas of the foot and leg. A sensitivity gradient was a common characteristic of these fields; the threshold to natural and electrical stimulation usually increased toward the periphery of the receptive fields. In a few cells inhibitory regions could be readily demonstrated.
As shown in Table  1 , the PT inhibited about one-third of the layer 5 cells. The time course and average threshold resembled that seen in layer 4 cells. Figure 6 illustrates the inhibition of such a cell by a 200-msec PT train, and shows the accompanying DRP. In the layer 5 cells designated "mixed," the PT train generally evoked a long period of activity, followed by a silent period. The activity began lo-20 msec after the first PT shock and sometimes lasted 20-30 msec, but often continued beyond the end of the PT stimulation.
During the subsequent silent period, spontaneous and evoked activity were absent or reduced. Figure 7 illustrates the responses of a typical mixed layer 5 cell to PT stimulation and natural stimulation. About a third of the layer 5 cells were excited by the PT. Typically, their activity began lo-20 msec after the start of PT stimulation and terminated 20-50 msec after the i.e., they exceeded the sum of responses to either alone. In es. the skin of the receptive field was stimulated electrically; the first dot in each horizontal sequence marks the skin shock. When preceded by a PT train (es. +PT), the shock evoked no less of a response; in fact, the late burst (20-25 msec after the shock) was even enhanced.
It is noteworthy that these ventral excited cells exhibited no reduction of evoked responses at a time after the PT train when the more dorsal cells were maximally inhibited (Fig. 5 ).
receptive field, stimulating that region would always inhibit any activity evoked by the PT.
Of the 53 cells tested in layer 5 by DLC stimulation, only 10 (19%) exhibited antidromic responses. All these cells with axons ascending in the DLC received inhibition from the PT, although 4 of these also exhibited relatively brief periods of excitation. Of all the dorsal horn cells antidromically fired from the DLC, the majority (26/36= 72ojc) were found to be layer 4 cells.
Lqyer 6 cells
Layer 6 cells responded to cutaneous stimulation over wide receptive fields on the ipsilateral hindlimb only; these fields resembled those found in layer 5, but more often included an inhibitory region.
In addition many layer 6 cells also responded to movements of joints. Such cells usually exhibited relatively regular spontaneous activity and responded to maintained joint deflection with a sustained tonic discharge. At the rostral Lr level, responses to passive flexion and extension of toes and foot were observed, with more cells responding to flexion than extension (11 to 8 for toes; 12 to 5 for foot). for cells excited by joint movement. The PT was found to affect a given cell's response to skin stimulation and joint movement in the same way, i.e., the PT either inhibited both or enhanced both. About twothirds of the layer 6 cells were excited by PT stimulation.
The active period generally began lo-20 msec after the PT train and usually lasted 15-30 msec beyond the end, although shorter responses were occasionally seen. Minimal response latencies with highintensity PT shocks were usually 1 O-l 5 msec. In none of the excited cells tested did the PT reduce the response to peripheral stimulation; the interaction between PT and peripheral skin stimulation resembled that illustrated in Fig. 8 . Figure 9 illustrates PT excitation of a layer 6 cell responding to toe flexion. As with layer 5 cells any inhibitory effects from peripheral stimulation could reduce activity evoked by the PT.
The PT had mixed effects on relatively few layer 6 cells; these cells resembled the mixed layer 5 cells in having a long period of activity followed by a period of no spontaneous activity and reduction of response to peripheral stimulation (Fig. 7) . The PT exerted purely inhibitory effects on a few layer 6 cells. Too few cells were observed to establish any correlation between PT influences and effective peripheral stimulation. 
Downloaded from
None of the 24 cells tested in laver 6 responded an tidromically to DLC stimulation.
General o bserua t ions
For each layer the relative proportion of cells excited, inhibited, etc., by the PT was the same for spinal (i.e., guillotined) and decerebrate cats. In the decerebrate preparation, extrapyramidal descending influences could conceivably be invoked via collaterals of PT fibers rostra1 to the obex; we found no evidence that such an extrapyramidal system exerted significant effects. As indicated in Table 1 , the distribution of PT effects on each layer population was essentially the same for decerebrate and guillotined preparations. Also, in earlier experiments no difference was found in the distribution and shapes of field potentials evoked by PT stimulation before and after guillotining.
When cells in the medial and lateral third of each layer were compared, no statistically significant difference in PT effects could be found. However, the number of cells in each third of each layer was in the 20's, too small a sample to justify general conclusions.
Administering barbiturate or cu-chloralose anesthesia reduced the over-all level of activity of all cells but did not change their response to PT stimulation.
DISCUSSION
Several previous investigators have examined PT effects on spinal cord interneurons, but from slightly different perspectives (2, 5, 10, 11, 13-l 5, 33) . The classic work of Lloyd (10) first demonstrated that in the cat PT vollevs excite cells in the base of the dorsal horn, and that this excitation facilitates segmental reflexes. Recent intracellular recordings from spinal cord interneurons indicate that cortical stimulation can evoke short latency EPSPs mediated via the PT, but less evidence of IPSPs has so far been published (2, 11, 13). Cortical stimulation has also been shown to evoke a depolarization in certain afferent fibers and thereby to inhibit sensory input presynaptically (2, 5). In characterizing the dorsal horn cells according to their responses to natural stimulation, Wall (33) also looked at descending influences from PT and brain stem on these cells.
In this study Wall's scheme was used to group the dorsal horn cells into layers on the basis of their anatomical location and their responses to natura .l stimu .la tion ; then the effects of PT volleys on the spon tan eous and peripherally evoked activity of cells in these various layers were determined.
PT stimulation was found to inhibit most of the layer 4 cells and to excite most of the layer 6 cells; it exerted more evenly mixed effects in layer 5.
Pyramidal tract volleys were also found to evoke dorsal root potentials, in agreement with previous observations (2, 5, 20) . These DRPs were typically biphasic, with a large, initial negative wave followed by a smaller positive phase (Fig. 5) Since the postcruciate PT cells are readily activated by peripheral stimulation, and since this activity seems to inhibit sensory input to the spinal cord, it has been suggested that these cells may be involved in a cortical feedback loop (2, 27). There is convincing evidence that synaptic linkages are sufficiently effective to form such a loop. As early as 1939, Adrian and Moruzzi
(1) observed that natural stimulation could evoke reflex activity in the PT of lightly anesthetized cats. A synchronous afferent volley from a shock to a peripheral nerve or skin is even more effective in evoking a reflex PT discharge (22, 27) . Conduction of impulses through such a cortical loop might be quite variable, considering the many modulating influences along the way, but for this very reason such a cortical reflex would reflect the states of higher centers.
The concept of a cortical feedback loop assumes that the predominant excitatory influence on the relevant PT cells is due to activity in the afferent sensory pathway. If under normal circumstances the net effect of converging influences from other regions of the nervous system is more important in maintaining the activity of these PT cells, their function might be more accurately pictured in terms of sensory "filters."
Clearly, any concept of the role of this inhibition must remain speculative until the sensory functions of the PT are more clearlv defined. 
